The effect of upper abdominal surgery under general anaesthesia on the cough threshold was studied in 26 patients, on the basis of the concentrations of capsaicin and citric acid causing cough. -Cough threshold was determined after administering doubling doses of nebulised aerosols of capsaicin and citric acid before operation and on the first and fourth postoperative days. There was an increase in cough threshold- ( which the first cough was induced (the cough threshold) was determined on the preoperative day and on the first and fourth postoperative days. Measurements were made at the same time of day to avoid any diurnal variation.2 Subjects were informed about the study in general terms-"We are testing airway reflexes" and "You may cough"-but were not told that the study of cough was the primary objective. The
Results
We studied 12 men and 14 women. Twelve were smokers and six had evidence of respiratory disease, with chronic sputum production or airflow obstruction, or both. Median FEV, was 2 55 (range 1 6-3-8) 1 for the men and 2 25 (range 1-5-2 9)1 for the women. Twenty three patients underwent cholecystectomy, two gastric surgery, and one splenectomy. The median duration of surgery was 1 25 hours (range 0 5-3-0 hours). None of the patients was diabetic or had cough syncope or bronchiectasis, and none was using an angiotensin converting enzyme inhibitor. No patient had had a respiratory tract infection within the previous six weeks. Five patients refused further testing on the first postoperative day. The remaining 21 patients were much less sensitive to inhaled capsaicin and citric acid-that is, had a higher cough threshold (p < 0-01 for both irritants; figs 1 and 2). Two patients were reluctant to inhale capsaicin at a concentration above 12 x 10-7 mol/l; they were assumed for the analysis to have coughed at the next concentration of capsaicin. On the fourth postoperative day 17 patients had further tests. Both the capsaicin and the citric acid cough thresholds were significantly lower than on the first postoperative day (p < 0 01). They were, however, higher on the fourth postoperative day than before operation, though this difference was not quite significant (p = 0 054 for capsaicin and 0058 for citric acid).
All patients received opiate analgesia on the first postoperative day. There was a significant relation between the time since opiate administration and the log difference in cough threshold between the preoperative and the first postoperative day (capsaicin: r = 0 7, p < 0-01; citric acid: r = 0-523, p < 0 05).
Five patients developed a chest infection as judged by purulent sputum, radiological change, and fever. These infections were clinically apparent by the second postoperative day in four patients and on the third day in the other. There was no correlation between cough threshold or change in cough threshold and the development of Cough is initiated by stimulation of airway receptors located in the larynx and major airways. Three types of receptor play a part in the afferent limb of the cough reflex-namely, myelinated, rapidly adapting receptors, smooth muscle receptors, and non-myelinated fibre receptors4 5but the role of each is still not clear. Animal data suggest that capsaicin, an extract of red pepper, is primarily a C fibre stimulant, whereas citric acid and other inorganic acids act primarily on rapidly adapting receptors. Rapidly adapting receptors may be the principal afferent receptors in the cough reflex5 and C fibres may have a role in the modification of this response. Both capsaicin6 and citric acid27 induce a reproducible cough response in man.
The cough threshold was considerably increased on the first day after operation. This is likely to be due, in part at least, to the administration of opiate analgesia, the timing of which was related to the change in cough threshold. Opiate administration, however, is unlikely to be the sole explanation ofthe change in sensitivity, as the overall shift in the cough threshold is much greater than has been found in previous studies of similar doses of opiates on chemically induced cough. Hypoxaemia is well recognised after surgery,'0 and this may have reduced cough by a direct effect on the "cough centre" in the brainstem. " Further work to examine these factors is required. The number of patients who developed a chest infection is too small to enable any conclusions to be drawn on the incidence of postoperative infection.
We conclude that most patients undergoing routine surgical procedures display substantial alterations in the cough threshold. There was a significant depression in sensitivity to inhaled irritants on the first day after operation and a return towards preoperative values by the fourth postoperative day. Opiate analgesia may not fully explain this depression. The importance of these data in relation to the risk of postoperative chest infection remains to be determined.
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